Context: Acute acromioclavicular joint (ACJ) dislocations are very common in young and active adults. Despite the high incidence of this injury, there is still some controversy on its diagnosis and treatment. Evidence Acquisition: This review was based on the knowledge of the current literature listed in PubMed. It summarizes the current strategies for acute AC joint injuries. Results: Acute injuries of the AC joint are very common among active individuals. Most authors recommend panorama-(stress-) view radiographs and additional radiographs for the horizontal instability. Low-grade injuries (Rockwood I-II) should be treated conservatively whereas high-grade injuries (Rockwood IV-VI) are best treated surgically. The most appropriate treatment for Rockwood III injuries is still a matter of debate and should be recommended based on the individual needs of the patient. Conclusions: Based on the current literature, there still is no gold standard for the diagnosis of acute AC joint injuries. As surgical techniques, the hook plate as well as the arthroscopic button techniques are commonly used leading to good and reproducible results. However, evidence of the superiority of these techniques over alternative methods is lacking.
Context
Acute acromioclavicular joint (ACJ) dislocations are very common in young and active adults. Despite the high incidence of this injury, there is still some controversy on its diagnosis and treatment. There is an ongoing discussion among experts if plain radiographs or bilateral stress radiographs are sufficient or if special dynamic radiographs or even MRI are necessary to evaluate the grade of injury. According to the treatment, there is consensus that low-grade injuries (Rockwood I and II) are best treated nonoperatively and high-grade injuries (Rockwood IV to VI) are best treated surgically (1) . If the very common Rockwood III injuries should be operated on (2-11) and which surgical technique leads to the best results is still unclear. A recent meta-analysis by Beitzel et al. found 151 different surgical techniques for ACJ reconstruction in the literature (9) . This high number shows that there is no gold standard for the surgical treatment. In their literature review they found 14 scientific articles comparing conservative to surgical treatment of ACJ injuries. Eleven were retrospective level III studies and only three were prospective level II studies (9) . According to these studies, neither conservative nor surgical therapy has been shown to be preferable. There was no superiority of one of the many surgical techniques.
Our own study group recently published a survey on the diagnosis and treatment among trauma and orthopedic surgeons in Germany (1) and compared the results to a similar study conducted more than 10 years ago (12) . Since the first survey published in 2001 (12) , new minimally invasive (13) and arthroscopic techniques have been introduced (14, 15) .
In 2014, 73% of the participating surgeons recommended surgical treatment for acute Rockwood III injuries (1), 11% less than in 2001 with 84% (12) . Preferred surgical techniques for the treatment of acute ACJ injuries changed dramatically over the last 10 years at least in Germany. Whereas in 2001 the preferred techniques were the transfixation of the ACJ and the coracoclavicular cerclage (12), most surgeons now prefer the hook plate followed by the arthroscopic TightRope technique (1). The latter is most commonly used by surgeons specialized in arthroscopy and shoulder surgery (16) . Since there are no proofs in the literature showing an advantage of the hook plate or TightRope over other techniques, the reasons for these changes remain speculative.
Evidence Acquisition
This review was based on the knowledge of the current literature listed in PubMed. It summarizes the current strategies for acute AC joint injuries.
Results

Epidemiology
ACJ sprains or dislocations are very common injuries among active, mostly male, adults and represent 12% of all injuries of the shoulder girdle (17) (18) (19) (20) (21) (22) . Common causes of ACJ injuries are falls, in most cases sports related. A high incidence is found in sports with a high frequency of falls like alpine skiing, were 20% of all injuries affect the ACJ (23) (24) (25) , or sports with high impact forces like rugby (26) or ice hockey (27) .
ACJ dislocations can either be caused by a direct or indirect mechanism. Mostly a direct fall on the shoulder with an adducted arm leads to inferior and medial displacement of the acromion and scapula. Depending on the impact force first the ACJ capsule fails followed by tearing of the coracoclavicular (CC-) ligaments, and in some cases avulsion of the deltotrapezoid fascia.
Classification
In 1917, Cadenet published a classification for ACJ injuries recognizing the sequential injury mechanism (28). He described the involvement of the acromioclavicular (AC) and coracoclavicular (CC) ligaments as well as the deltoid and trapezoid muscles depending on the energy of the impact. His findings were the basis for the classification by Tossy et al. published in 1963 that is still very popular today (29) . A type I injury included an isolated incomplete AC ligament injury, type II a complete AC and incomplete CC ligament injury, and type III complete injuries of both, the AC and CC ligaments. The grade of the injury was diagnosed by the amount of displacement of the lateral clavicle with respect to the acromion on plain anteroposterior radiographs. An evaluation of a possible dislocation in the horizontal plane was not part of these early classification systems. Based on the descriptions by Tossy et al. Rockwood in 1984 published an extended classification system, which still represents the standard for grading ACJ injuries (30) . Rockwood added three new grades of injuries: Type IV represents a horizontal displacement of the distal clavicle, type V a complete displacement of the distal clavicle with disruption of the delto-trapezoid fascia (in addition to the Tossy type III), and type VI an inferior displacement of the distal clavicle beneath the coracoid process. The latter is only described in case reports. Thirty-four percent of participants of a survey among orthopedic surgeons in Germany indicated that they have never seen such an injury (16) . In a recent study our group (Schneider et al.) evaluated the inter-and intraobserver reliability of the Rockwood classification in acute ACJ dislocations. The authors concluded that acute ACJ injuries can be reliably classified according to Rockwood on bilateral stress radiographs and axial radiographs (31) .
However, a major drawback of the current classifications is the lack of an evaluation of dynamic or multidirectional instabilities.
A newly developed acromioclavicular joint instability (ACJI) score inaugurated by Scheibel et al. (32) uses Alexander view radiographs (33) to evaluate dynamic horizontal instability. The ACJI has a maximum of 100 points and consists of 5 subitems: Pain (20 points), activities of daily living (10 points), cosmesis (10 points), function (25 points), and radiological assessment (35 points, bilateral stress views and Alexander view). Thus, this score combines subjective and objective parameters also addressing the horizontal instability (32).
Diagnosis
The clinical examination is still of high importance to evaluate the severity of acute ACJ injuries. Swelling, hematoma and local tenderness over the ACJ are common clinical findings. In some cases the cranial dislocation (step formation) of the lateral clavicle is clearly visible or can be palpated. If pain and swelling allow, the examiner can also evaluate the reducibility and horizontal instability. All findings should be compared to the contralateral healthy shoulder, because some patients have a physiologically prominent lateral clavicle.
Imaging
Typically plain radiographs are performed to exclude fractures of the shoulder girdle. The recent survey among orthopedic and trauma surgeons also asked for the commonly used radiographic diagnostics (1) . Ninety percent of participants regularly performed bilateral stress radiographs, 79% true anteroposterior, 59% Y-or outlet-view radiographs, and 44% projections according to Zanca (34) . Only 42% regularly performed radiographs for evaluating horizontal instability (axial view) and only 12% performed dynamic Alexander view radiographs. Thus, one can assume that more than 40% are not able to exclude the horizontal instability and are not able to correctly classify the injury. In cases of acute ACJ injuries less than 5% regularly recommend MRI or computed tomography (1) .
For the bilateral stress view, the patient is positioned in neutral position in front of the x-ray cassette with a 10 kg weight hanging on both wrists and the X-ray beam is 2
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tilted 10°caudo-cranial. Thus, the AC and the CC distance can be measured and compared with the healthy side. Normally the AC distance measures 1 to 3 mm. A distance of more than 6 (women) or 7 (men) mm was described to be pathologic (35) . To detect a posterior dislocation of the distal clavicle, a second plane is mandatory. Most commonly the axillary (axial) view is used. Rockwood did not define the exact position of the patient (sitting, supine, or standing), but in most departments the sitting position is most practical. Usually the arm is abducted 90°leading to a shift of the distal clavicle over the acromion in case of an acute ACJ injury. Unfortunately the axillary view has a high risk of errors due to the projection as well as the arm position.
If the projection and arm position are correct in healthy shoulders, the anterior border of the clavicle and the anterior border of the acromion are in line. The extent of a posterior shift of the distal clavicle can be measured if present. For the Alexander view mentioned above a modification of a true lateral scapula view is used to detect the posterior dislocation of the distal clavicle (33) . The patient is positioned sitting or standing and the shoulders are thrust forward. In cases of acute ACJ injuries the distal clavicle will overlap the acromion and be displaced superiorly.
Both techniques only enable to detect a static horizontal instability but will miss a potential dynamic instability. Therefore, radiographs can be performed with the arm in different angles of abduction and elevation (32, 36) .
The magnetic resonance imaging (MRI) can be helpful in diagnosing acute ACJ injuries. The affection of the capsule, the delto-trapezoidal fascia, the AC-, and the CCligaments can be detected enabling to diagnose type I injuries and to differentiate between type II and III injuries (37) (38) (39) . Despite these advantages, MRI is not necessary in most cases and should not be the diagnostic instrument of the first choice (40) . MRI often leads to an overestimation of the injury and has been reported to inadequately correlate with clinical and radiographic findings (37) . If MRI is considered a coronal oblique plane parallel to the distal clavicle and the ACJ should be performed instead of a conventional orientation. Thus, the CC ligaments are visualized and tears can be reliably detected (39) . Additionally sagittal and axial planes are recommended.
In the evaluation of acute ACJ injuries, the author routinely performs bilateral stress views and axial (axillary) views of the affected shoulder. Together with the clinical examination a correct grading and thus correct treatment is possible in most cases. If in doubt dynamic axillary views and in selected cases MRI can be added.
Treatment
Treatment options for ACJ injuries range from "skillful neglect" to complex surgical procedures. There is consensus that low-grade injuries (Rockwood I-II) can successfully be treated conservatively while high-grade injuries (Rockwood IV -VI) are better treated surgically (1, 16) . For Rockwood III injuries the best treatment option is still a matter of debate, since conservative as well as surgical procedures can lead to good results (3) (4) (5) (6) (7) (8) (9) . In a recent survey among surgeons about 70% recommend surgical stabilization for Rockwood III injuries (16).
Nonoperative Treatment
In the current literature there is no standard conservative treatment. Recommendations vary from functional exercises without any immobilization to various attempts of closed reductions (41) (42) (43) (44) . External immobilizations, such as straps, casting techniques, tapes or traction methods might lead to skin irritations by applying pressure on the lateral clavicle. Due to these drawbacks and the lack of compliance in the young and active patients the author prefers the "skillful neglect" with immobilization in a simple shoulder sling for the first 3 to 7 days until pain has resolved. This is accompanied by pain medication and physical therapy (29) . Patients are typically free of pain and have a full range of motion after 3 to 4 weeks, which enables to return to sports quickly.
Conservative treatment is the treatment of choice for Rockwood I and II injuries, and some Rockwood III injuries. Whereas the outcome is good in most cases it has to be considered that some patients present with persistent pain and instability after several weeks leading to chronic complaints. This may be caused by persistent horizontal instability that might not have been recognized during the initial consultation. Especially a dynamic horizontal instability is often missed even by axial radiographs. Taken into account that only around 40% commonly perform radiographs to detect the horizontal component (1, 16) , the rate of Rockwood IV injuries that have been misdiagnosed as Rockwood II injuries or injuries with a dynamic instability might be relatively high. Despite that there are studies showing that some patients develop complaints over time leading to unsatisfactory results. Moushine et al. published in 2003 that 26 months after conservative treatment of Rockwood I and II injuries, 27% (9 out of 33 patients) had surgery of the AC joint, and 21% (24 patients) of the patients not needing surgery were not satisfied with the result (45). Mikek et al. followed conservatively treated Rockwood I and II injuries for 10.2 years and found that 52% (12 out of 23 patients) had complaints with their AC joint. Specific shoulder scores such as the Constant score, UCLA score, and the simple shoulder test were significantly worse compared to the healthy shoulder (46) . On the other hand, Joukainen recently published a study on Rockwood III and V injuries comparing 9 patients treated by external Arch Trauma Res. Inpress(Inpress):e40081.reduction for 4 weeks with 16 patients surgically treated with a temporary K-wire stabilization (implant removal after 6 weeks). He did not find significant differences regarding the outcome. There is an ongoing randomized controlled trial in the United Kingdom comparing open reduction versus nonoperative treatment for the management of acute grade III and IV AC joint injuries (ISRCTN47376242, DOI 10.1186/ISRCTN47376242). Probably the results will give further advices for the best treatment modalities. However, the author believes that ruling out a static or dynamic horizontal component of instability is a key to a successful conservative treatment (36) .
Despite persistent instability, tears of the articular disc as well as posttraumatic arthritis might also cause pain even years after the initial injury. Whereas most cases of posttraumatic changes have no clinical relevance (7) symptomatic patients can usually be successfully treated by arthroscopic AC joint resection.
Surgical Treatment
There is consensus in the literature that high grade Rockwood IV to VI and some grade III injuries should be treated surgically. However, there is still no surgical technique that can be regarded as a gold standard. In a recent review article, Beitzel et al. found 151 different surgical techniques for AC joint reconstruction in the literature (9) . Within the last 10 years, arthroscopic as well as minimally invasive techniques have gained more and more popularity. According to the recent survey published by the author, the preferences for specific surgical techniques have changed over the last decade (1). In 2001, 39% of surgeons preferred acromio-clavicular transfixation with Kwires followed by coraco-clavicular cerclages in 32%. Only 22% commonly used a hook plate. Arthroscopic techniques (e.g. TighRope) were not available. In 2013 only 6% still preferred the transfixation, and only 11% coraco-clavicular cerclages. Nowadays, at least among orthopedic surgeons in Germany, the most common surgical technique is the hook plate which is used by 44%, followed by arthroscopic techniques (TightRope) in 27% (1) .
Concerning the timing of the surgery there is consensus that acute cases should be treated within the first 2 weeks after trauma (1), if the aim of the surgery is healing of the native torn ligaments and capsule. In chronic cases other procedures with the use of grafts are necessary, which is not part of the present review.
Due to the plethora of available surgical techniques, this article focuses on the two most common procedures, the hook plate, and the arthroscopic/minimally invasive button fixation (e.g. TightRope). This does not mean that other surgical procedures like cerclages or AC joint transfixation might not lead to similar results.
Hook Plate
The original hook plate was introduced in 1976 by Balser et al. and consisted of a plate that is fixed with screws on the lateral clavicle and a hook that is introduced through the AC joint and engaged under the acromion (47) . After modifications of the original design the hook of modern implants dos not pass directly through the AC joint but more dorsal preventing further damage of the joint. This implant gained more and more popularity providing reproducible results, but still has the drawback of implant removal. Gstettner et al. compared conservative treatment to hook plate stabilization in Rockwood III injuries and reported significantly better clinical as well as radiological results for the latter (8) . Similar data were published by Kienast et al. who found good to excellent results in 84% of 225 patients with AC joint dislocations type III to V. However, they also noted a complication rate of 10.6% (48) . These good results were also reported by Salem et al. (49) and Di Francesco et al. (50); however, both published a loss of reduction in 35%, respectively 12% of cases after plate removal.
Common complications are osteolysis or fractures of the acromion due to the subacromial hook as well as subacromial irritations (51) . Thus, immobilization is recommended and plate removal is necessary, which is performed usually after 3 months.
Arthroscopic / Minimally Invasive Techniques
Arthroscopic techniques for reconstruction of the AC joint have first been described by Wolf et al. using polyethylene cerclages. They achieved 81% good and excellent results in 21 patients with Rockwood type III to V injuries (52) . Originally produced for stabilization of the ankle syndesmosis, the TightRope system (Arthrex, Naples, FL/USA) has gained more and more popularity for AC joint reconstruction. The original construct consisted of two flip buttons connected by a #5 FiberWire suture (Arthrex). Holes with a diameter of 4 mm were drilled through the coracoid process as well as through the clavicle using special guiding devices. One button was flipped under the coracoid process and the other over the clavicle. By tying the knots over the clavicular button the lateral clavicle is reduced and hold in place until the coraco-clavicular ligaments have healed. Due to relatively high rates of recurrent subluxation and dislocation, the design of the implant has been modified. Nowadays, greater diameter buttons are used and two clavicular buttons are recommended (the second generation double TightRope) (32) . By placing the two drill holes at the insertion sites of the coraco-clavicular ligaments an anatomic reconstruction can be achieved that has comparable biomechanical properties to the native AC joint (53) . Due to persistent hori-zontal instability in high-grade injuries some authors advocate an additional acromio-clavicular stabilization (54) . Whether this additional procedure is necessary remains to be seen. The principle of this arthroscopic button technique can also be used in a minimally invasive open procedure. Usually a saber-cut of 4 cm length is used and the drill holes are placed using special aiming devices. In open procedures, the torn clavipectoral fascia can also be addressed and repaired adding additional stability. Comparable systems like the MINAR (minimally invasive ACJ reconstruction) (Karl Storz; Tuttlingen, Germany) (55) or the TwinBridge system (Smith and Nephew) have been developed. Most authors see an advantage of the arthroscopic technique in being able to recognize and if necessary treat concomitant injuries of the glenohumeral joint. Superior labral tear from anterior to posterior (SLAP) lesions or (partial) rotator cuff tears are present in 18% to 22% (56, 57) . The relevance of these injuries and their relation to the trauma are still a matter of discussion. Moreover, other techniques (e.g. the hook plate) also allow additional arthroscopy if favored by the surgeon.
Few studies compare the hook plate to the double TightRope. Jensen et al. found comparable clinical as well as radiological results but preferred the TightRope due to the possibility to recognize and treat concomitant injuries and because an implant removal is not necessary (56, 58) . In both groups the coraco-clavicular distance at final follow-up was significantly greater compared to the healthy shoulder and the complication rates of 13% for the hook plate and 12% for the double TightRope were relatively high (58) .
As stated by Beitzel et al. there still is no gold standard in the treatment of acute AC joint injuries (9) . Nowadays, the hook plate as well as arthroscopic or minimally invasive button techniques however seem to be the preferred techniques (1, 16) leading to good and reproducible clinical results.
Postoperative Treatment
There is no standardized concept for postoperative treatment. After hook plate implantation range of motion is usually restricted to 90°of anteversion and abduction for the first 6 weeks. Contact sports and return to full activity is commonly allowed after plate removal 10 to 12 weeks postoperatively. Using a button technique the author recommends wearing a sling for 3 weeks and restricts range of motion to 90°of abduction and anteversion for the first 6 weeks. From the 7th week on full range of motion is allowed and should be trained under guidance of a physiotherapist with emphasis on the scapulothoracic motion. Contact sports and full return to activities are allowed 4 months after surgery.
Summary
Based on the current literature there still is no gold standard for the diagnosis of acute AC joint injuries. Most authors recommend panorama-(stress-) view radiographs and additional radiographs for the horizontal instability. Low-grade injuries (Rockwood I-II) should be treated conservatively whereas high-grade injuries (Rockwood IV-VI) are best treated surgically. The most appropriate treatment for Rockwood III injuries is still a matter of debate and should be recommended based on the individual needs of the patient. There are numerous surgical techniques for treatment of acute injuries. Stabilization using the hook plate as well as arthroscopic button techniques are currently preferred leading to good and reproducible results.
Conclusions
Acute injuries of the AC joint are very common among active individuals. Low-grade injuries should be treated conservatively and high-grade injuries operatively. The treatment of Rockwood III injuries should be decided individually. The preferred diagnostics are panorama-(stress-) view radiographs combined by radiographs to detect potential horizontal instability. As surgical techniques, the hook plate as well as the arthroscopic button techniques are commonly used leading to good and reproducible results. However, evidence of the superiority of these techniques over alternative methods is lacking.
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